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BROADCAST NH IWORK I 'SINC} Ml L l l-I IBHR CABLK 
FIHLD OF TUl: INVI-N TION 

Vhc present in\'ention relates generally to high-bandwidth broadcast 
networks, and more particularK , to a broadcast network that utilizes multi-optical- 
5 fiber cable. 

BACKGROUND OF 1111: INVllN l lON 

Cable television is prevalent in many homes across the country. In some 
locations, television sets are not able to receive broadcasts without cable TV 

10 because of geographic barriers and other sources of interference of the broadcast 
signal, hi addition, even for those located in a place where a television can receive 
the local broadcast channels, there is an ever-increasing demand for value-added 
channels, such as dedicated new channels, dedicated sports channels, dedicated 
music video channels, dedicated movie channels, etc. The average consumer has 

15 come to expect hundreds of channels to be offered by a local cable company. 

Unfortunately, as the demand grows for more programming and as display 
technologies advance, there is an ever-increasing need for broadcast networks that 
are capable of supplying high bandwidth in a cost-effective manner. For example, 
high definition television signals require more bandwidth per channel in order to 

20 provide a richer view ing experience. Similarly, the number of channels that are 
provided by cable companies is ever increasing to keep up w ith the demand of the 
consumers. 

In the past, man\' cable 'I V networks have been built using coaxial copper 
cable (coax) as the onh' transmission medium. Coaxial cable provides more 
25 transmission bandv\idth than simple copper wire, but these so-called pure coax 
sv stems suffer from several disadvantages, f irst, although coax cable has more 
transmission bandwidth than simple copper wire, its transmission bandwidth is 
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limited, and it is difficult to transmit man\' high-handw idlh signals o\cr long 
distances using coax. Consequenll>'. these s\stcms are general!) unable to 
accommodate the increased demand for bandwidth. Second, these s\stems are 
generall}' \ery expensixe to install and maintain because ol^ the large amount of 
acti\e equipment (i.e., equipment that requires electrical power to function) in the 
field. I'or example, coax transmitters, coax recei\ers, coax amplifiers, and coax 
splitters are located in the field and require electrical power to operate. 1 hese 
actixe elements are required to o\'ercome the limited transmission bandwidth of 
coax. 

Being in the field, the equipment is susceptible to nature (e.g., poor 
weather conditions) and human forces (e.g., xandalism). Moreo\er. the costs to 
repair or maintain the equipment are high. For example, when a piece of 
equipment fails, personnel are required to locate the equipment and often repair or 
replace the equipment in the field. 

These types of systems also raise some complex transmission design issues 
since the signal is typically split off from a bus for each user. The users closer to 
the signal source or repeater receive a stronger and less noisy signal than those 
users who are further awa\' from the source. 

Furthermore, these systems typically require the cable \ W company to 
proN'ide a cable set-top box that has relati\eh complex hardware to decode the 
signals. This hardware raises the costs of pro\'iding cable TV ser\ ice since the 
cost of the box is ev entual!} passed onto the customer. 

To address some of these issues, some cable companies ha\'e switched 
from a pure coax system to a h\'brid fiber-coax (HFC) network. An example of 
this approach is described in a publication entitled. "Broadband H\brid 
!■ iber C\uix Access System Technologies ( Series in I eleccMiimunications)." 
Academic Press. Ivv8. 
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\ \G. 1 illustralcs a prior art hybrid fibcr-coax (lll'C) broadcast network 1, 
These Hl'C networks t\picall\ include an optical transmitter 2. disposed at a 
central office 3. an optical fiber 4. and an optical receixer 5. Vhc transmitter 2. 
recei\er 5 and the optical fiber 4 enable optical transmission of the broadcast 
signals to a coaxial-cable bus network 7. I he coaxial-cable btis network 7 then 
distributes the signal to the individual consumers or users. The network 7 
includes a coaxial transmitter 8, coaxial cable 9, a plurality of amplifiers 10 and 
splitters 1 1 for deli\'ering the broadcast signals to each user. Each user also has a 
coaxial receiver 12 for recei\'ing and decoding the broadcast signals and providing 
the signals to the home network 14. 

One advantage of^ HFC networks over pure coax networks is that the 
transmission bandwidth of the HFC networks is much greater than the 
transmission bandwidth of coax. HFC networks t\pically use fiber transmission 
for long spans from the hub. or central office, to a coaxial cable network 7, thereby 
replacing a coax transmission system that typically has many amplifiers with a 
much simpler fiber transmission system. 

Unfortunately, the coax part of MIX' networks continues to suffer from 
some of the disadxantages of the pure coax networks. These disadxantages 
include high costs to install an maintain active equipment in the field, reliability 
issues as they relate to the equipment, high cost of the recei\ er at the consumer's 
home, and transmission design complexities. 

ConsequentK'. it is desirable for there to be a broadcast network that 
reduces the number of acti\e equipment in the field, simplifies transmission 
design of the system, and reduces the cost of the receiver required by the 
consumer. 

Based on the foregoing, there remains a need for a broadcast network that 
ov ercomes the disadx antages set tbrth pre\ iousK . 
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SUMMARY OF THH INVHN HON 
According to one embodiment of the present invention, a broadcast 
network for broadcasting an optical signal to a pluralit\' of end users at different 
locations is described. The network employs a multi-optical-fiber cable with a 
5 plurality of indi\ idual fibers, w here the number of indi\ idual fibers corresponds to 
the number of end users. An optical transmitter is pro\ ided for launching the 
optical signal to be broadcast into all the individual fibers. As the optical fiber 
cable passes each user, an individual optical fiber associated with the particular 
end user is split off from the multi-optical-fiber cable and terminates at the 
10 particular end user. The network includes a branch point, where the individual 
fibers branch out to the individual users. 



Attorney Docket 1^10004238-1 



-6- 



BRIFiF DI^SCRIPIION OF I IIH DRAWINGS 
The present in\ ention is illustrated by way of example, and not by \va\ of 
limitation, in the figures of the aceompan\'ing drawings and in which like 
reference numerals refer to similar elements. 
5 I IG, 1 illustrates a prior art h\brid fiber-coax (HFC) broadcast network. 

VIG. 2 illustrates a broadcast network according to one embodiment ol'the 
present inx ention. 

FIG. 3 illustrates an exemplar\^ physical implementation of the broadcast 
network of FIG. 2 in accordance w ith one embodiment of the present invention. 
10 FIG, 4 illustrates in greater detail the branch point of FIG. 2 that is 

implemented as a tree of 1 x 2 splitters in accordance with one embodiment ol the 
present invention. 

FIG. 5 illustrates in greater detail the branch point of FIG. 2 that is 
implemented as a free-space 1 x N splitter in accordance with one embodiment of 
1 5 the present invention. 

FIG. 6 illustrates in greater detail the branch point of FIG. 2 that is 
implemented with an optical booster amplifier and a I x N splitter in accordance 
with an alternative embodiment of the present invention. 

FIG. 7 illustrates a broadcast netw^ork in which the branch point is located 
20 in a central oftlce in accordance w ith one embodiment of the present invention. 

I IG. 8 illustrates a broadcast network in which the branch point is located 
in the field in accordance with one embodiment of the present inx ention. 

FIG. 9 illustrates a broadcast network that emplo\'s route diversity for 
enhanced reliabilit\'. 
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Dl^ l AILliD Di:SCRIPTION 
A broadcast network that uses a multi-oplical-fiher cable is described. In 
the following description, for the purposes of explanation, numerous specific 
details are set forth in order to pro\ ide a thorough understanding of the present 
5 in\ention. It will be apparent, howe\er, to one skilled in the art that the present 
invention may be practiced without these specific details, hi other instances, well- 
known structures and devices are shown in block diagram form in order to avoid 
unnecessarily obscuring the present invention. 

The broadcast netw ork of the present invention broadcasts an optical signal 
10 to a plurality of end users at different locations, fhe broadcast nctw^'ork employs 
an optical fiber cable that includes a plurality of individual fibers, where the 
number of individual fibers corresponds to the number of end users. 




Broadcast Network 200 

15 FIG. 2 illustrates a logical topology of a broadcast network 200 according 

to one embodiment of the present invention. The broadcast network 200 includes 
an optical transmitter 210, a multi-optical-fiber cable 220, a branch point 230, and 
a plurality of users 240 (e.g., user l, user_2. ... user_N). Hie optical transmitter 
210 launches the optical signal to be broadcast into all the individual fibers 232 of 

20 the cable 220. For example, the same broadcast signal iiia>' be launched into all 
the individual fibers 232. 

At the branch point 230, the individual fibers 232 of the niulti-optical-fiber 
cable 220 (e.g.. a multi-fiber cable) branch out to the indi\'idual users 240. For 
example, in this embodiment, there are N indi\'idual fibers, one fiber for each user. 

25 As described in greater detail hereinatter, each user 240 can include a home 
network 264 and an optical receiver 260 for recei\ ing the broadcast signal. 
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1-ach user 240 is equipped with an optical receixer 260 that is coupled to 
recei\e a respecti\e fiber 232. The optical receixer 260 decodes the receixed 
broadcast signal and pro\ ides the decoded signal to a local network 264 (e.g., a 
home network). 

5 The optical transmitter 210 is preferabU disposed in a central office 212. 

As described in greater detail hereinalter with reference to VIGS. 7 and 8. the 
branch point 230 may be disposed either in the central office 212 or in the field. 

Single points of failure for a network are those components whose failure 
results in loss of the signal to all users. It is noted that the single points of failure 

10 for the network 200 of the present inx enlion are components upstream of the 
branch point 230. Moreoxer. all these components are passixe (i.e.. do not require 
a source of poxxer). and hence, are highlx reliable. Furthermore, as described 
prexiously. the optical transmitter 210 is preferably placed in the central office 
212. xvhich is a safe enxironmcnt. A redundant optical transmitter (not shovxn) 

15 may be employed to further increase reliability of the broadcast netxx ork 200. 

Optical fransmitter 210 

Hie optical transmitter 210 includes an optical source 212 (e.g.. a laser) for 
proxiding an optical signal and an optical modulator 214 that is coupled to the 

20 optical source 212 for modulating the optical signal xxith data to generate a 
modulated optical signal. Preferablx. the optical transmitter 210 also includes a 
multiplexer 216 for receix ing a pluralitx of data signals (e.g., data 1 . data_2. .. 
data N) and based thereon for generating a multiplexed data signal. An amplifier 
218 may be coupled to the multiplexer 216 for amplifxing the output of the 

25 multiplexer 216. It is noted that the amplifier 218 and the multiplexer 216 are 
optional components. 
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Optical Rccei\ cr 260 

1 he optical recei\er 260 includes a photodetector 262 for recei\'ing a 
modulated optical signal that includes data signals and for demodulating the 
modulated optical signal to reco\er the data signals. An amplitler 264 ma\ be 
connected to the photodetector 262 to amplity the (uilput of the photodetector 262. 
hi some embodinienls. where the transmitter 210 is pro\ided with a mulliplexer 
216. the optical receiver 260 includes a de-multiplexer 268 for recei\ing a 
recovered multiplexed data signal and based thereon for generating the individual 
data signals. 

One aspect of the present invention is to minimize the cost of the 
equipment required at the receive end (e.g., at each user 240). In the multi-user 
broadcast network 200 of the present inx ention, each user 240 is only required to 
have a single optical receiver (e.g.. optical receiver 260). thereby reducing the 
costs at the receix e end. 

It is noted that in the preferred embodiment, the broadcast network 200 of 
the present in\'ention splits the broadcast signal equally between the indi\idual 
fibers in the multi-optical-fiher cable. It is further noted that the transmission loss 
of optical fiber is \ cry low . Consequently, each user 240 recei\ es a signal \\ ith 
approximately the same power independent of 1 ) how far the users are from the 
branch point or 2) how man\' other users are upstream of them. By utilizing an 
all-fiber s\stem, the broadcast network 200 of the present invention simplifies 
network design and reduces the cost of optical receiv ers (e.g., optical recei\'er 260) 
because the optical receiv ers are not required to have a large dvnamic range. 

Since no coax is utilized in this network 200, the network 200 is also 
referred to herein as an "all-optical" network 200. The all-optical network 200 of 
the present invention is especiallv suited to broadcast high bandwidth signals (e.g.. 
cable rux^ui airiiiiiim with nian\ uiiTereni channels and hi Lib definition televisicm 
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signals). Vov example, the broadcast network of the present in\ention ma\ he 
utilized to implement a high-handw idth. unidirectional (i.e.. downstream onl>') 
broadcast networks. 

I'lG. 3 illustrates an exemplar) implementation ot the broadcast network of 
5 MCj. 2 in accordance with one embodiment of the present in\ention. The 
broadcast netw ork 300 of the present in\ ention emplo> s an optical transmitter 310 
to broadcast a single optical signal to many end users at different locations, ^fhe 
network 300 utilizes a multi-optical-tlber cable 320 that preferably includes as 
many individual optical fibers 324 as there are end users (e.g., user l. ... user_(N- 
10 1 ). user N). 

The optical signal to be broadcast is first launched into all the indi\ idual 
fibers 324 of the multi-optical-fiber cable 320. The multi-optical-fiber cable 320 
is situated or positioned to pass all the users 340. As the multi-optical-fiber cable 
320 passes each user 340, an individual fiber that is associated with the particular 
15 end user is split off from the multi-optical-fiber cable 320 and terminates at a 
particular end user 340. In other words, an individual optical fiber from the multi- 
optical-llber cable 320 is routed to each user as the cable 320 passes each user's 
location. 



20 that are disposed downstream of the branch point 330. are contained in a single 
optical fiber cable. Liach user 340 includes an optical recei\er (optical Rx) 344 for 
recei\'ing the broadcast optical signal. The components shown in flG. 3 are 
substantialh' the same as those described in connection with the network of ITCi. 
2. C\^nsequentK'. for the sake of bre\ it\ , the description is not repeated herein. 



In this implementation, the "arms" of the logical star, illustrated in VKL 2, 
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Branch Point 230 

1 ICj. 4 illustrates in greater detail the branch point 230 of 1 ICj. 2 that is 
implemented as a tree of 1 x 2 splitters in accordance with one embodiment of the 
present inxention. In this embodiment, the branch point includes a tree 410 of 
5 splitters 414. Vhc tree 410 includes a pluralilN' of stages 420 (e.g., stage 1 , 
stage_2. and stage d). It is noted that the number (M) of stages satisfies the 
equation. 2 ^^^! N. where N is the number of outputs of the branch point 230. 
Hach stage 420 includes one or more 1 x 2 splitters 414. At each stage, the splitter 
414 splits the incoming signal into two signals, where each signal is one-half the 

10 signal strength of the incoming signal. 

MCj. 5 illustrates in greater detail the branch point 230 of FIG. 2 that is 
implemented as a 1 x N splitter in accordance with one embodiment of the present 
invention. Ihe 1 x N splitter 510 includes an input for receixing an incoming 
signal and N outputs. The 1 x N splitter 510 splits the incoming signal into N 

15 signals, where the signal strength of each of the N signals is I fN the strength of the 
incoming signal. It is noted that that the 1 x N splitter 510 may be implemented 
with a free space star coupler (e.g., as used in arrayed-waveguide gratings 
(AWCj)). an optical fiber splitter, or a planar waxeguide splitter. 



20 and 2 x n configurations, uniformly dixide optical signals from input ports to 
multiple outputs. Splitters can ha\e a plurality of output ports, l-or example, 
splitters are commonly found with 4. 8. 16 or 32 output ports. It is noted that 
splitters can be operated in the reverse direction to combine multiple wavelengths 
onto 1 or 2 fibers. 

25 Optical power splitting can also be performed by planar silica glass optical 

waxeguide chips integrated with cascaded \-branches. Prefcrablx, planar-txpe 
dex ices are utilized in order to lex erage their high uniformitx', low insertion loss. 



Single-mode optical poxver splitters, that are txpically axailable in 1 x n 
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broadband performance o\ er both 1310 nm and 1550 nm windows, compact si/e. 
cn\ironmenlall\ stable nature, and compact packaging, lov example, model 
number SM-lx32-M-x\ splitter module that is axailable from JDS Uniphase of 
Columbus, Ohio can be utilized. 

VIG. 6 illustrates in greater detail the branch point 230 of I \G. 2 that is 
implemented with a booster ampHfier 610 and a 1 x N splitter 620 in accordance 
w ith an alternatix e embodiment of the present in\ ention. In this embodiment, the 
branch point 230 includes an optional booster amplifier 610 and a 1 x N splitter 
620. The 1 x N splitter 620 is described pre\iously with reference to f lG. 5. An 
optional booster amplifier 610 may be included to partially oxercome or to 
completely oxercome the loss of the splitter 620. It is noted that an optional 
booster amplifier may also be included in other embodiments of the present 
invention. 

Although the diflerent embodiments of the branch point 230 ha\'e been 
described w ith respect to the broadcast network of FIG. 2, it w ill be appreciated by 
those of ordinary skill in the art that the different embodiments of the branch point 
can also be utilized in other embodiments of the all-optical broadcast network of 
the present invention (e.g.. in the broadcast network of ITG. 3). 

I Kj. 7 illustrates a broadcast network 700 in which the branch point 710 is 
located in a central office 720 in accordance w ith one embodiment of the present 
inxention. In this embodiment, the all-optical broadcast network 700 includes an 
optical transmitter 704. an optional booster amplifier 708. a branch point 710, a 
multi-optical-fiber cable 714. and a pluralit> of optical recei\ers (noi shown). 
According to this embodiment, the branch point 710 (e.g.. a 1 x N splitter) is 
disposed in the central office 720. 

This embodiment is preferred when the first user is disposed in close 
proximitv to the cciiiial uffice 720. It is noted ihai fnis embodiment ma\ he more 
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reliahle than tlie embodiment described hereinafter with reference to 1 Ki. 8 since 
the branch point 710 is located in the central office 720. 

I'Ki. 8 iUustrates a broadcast network 800 in which the branch point 810 is 
located in the field in accordance w ith one embodiment of the present inx ention. 
\n this embodiment, the all-optical broadcast network 800 includes an optical 
transmitter 804, an optional booster amplifier 808, a branch point 810. a multi- 
optical-fiber cable 814, and a plurality of optical receivers (not shown). 
According to this embodiment, the branch point 810 (e.g., a 1 \ N splitter) is 
disposed outside of the central office 820. It is noted that the branch point 810 can 
be disposed inside or outside of the multi-optical-fiber cable 814. This 
embodiment is preferred when the first user is disposed far from the central office 
820. 

For both embodiments described with reference to FIGS. 7 and 8. when a 
booster amplifier is employed, it is preferable to locate the booster amplifier in the 
central office. When the booster amplifier is disposed in the central office, the 
amplifier's power supply and reliability may be guaranteed, and the signal-to-noise 
ratio of the boosted signal may be maximized. 

Broadcast Network 900 With Route Diversity 

I-IG. 9 illustrates a broadcast network 900 that empkns route di\ersit\ for 
enhanced reliabilit\ . I he network 900 includes an optical transmitter 902 at the 
transmit end. an optical receiver 904 at the recei\e end, and optionalh a booster 
ampliller 906. I he network 900 also includes a 1 x 2 element 910 at the transmit 
end. I he 1 x 2 element 910 includes an input and two outputs. 

The network 900 also includes at least two different cables (e.g.. a first 
multi-optical-flber cable 920 and a second multi-optical-fiber cable 930) that are 
respecti\ el\' coupled to the outputs of the 1 x 2 element 910. The signal passes 
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through the 1 \ 2 element 910 and nia\ he sent through either the Hrst multi- 
optical-fiher cahle 920. the second multi-oplical-fiber cable 930. or through both 
nuilli-oplical-fiher cables 920, 930. 

l:ach user (e.g.. a tlrst home network 936) recei\es both an indi\idual 
optical fiber (e.g.. optical fiber 924) from the first multi-optical-fiber cable 920 
and an indi\idual optical fiber (e.g.. optical fiber 934) from the second multi- 
optical-fiber cable 930. In this manner, a broadcast signal may be pro\ided to 
each user b\ at least two different routes. Consequenth . when one cable is cut, 
the users can still receive a signal from the other cable. I hc broadcast network 
900 accotxling to this embodiment of the present in\ ention emplox s this scheme, 
which is referred to as route diversity, in order to increase the reliability of the 
network. 

The network 900 also includes a 2 x 1 element 940 at the receive end (e.g.. 
in the home network 936). The 2 x 1 element 940 includes two inputs and an 
output, rhe 2 X 1 element 940 can be implemented with a combiner or an optical 
switch. 

In one embodiment, the 1 x 2 element 910 at the transmit end is 
implemented with a splitter, and the element 940 in each home is implemented 
with a switch that selects the working cable and feeds the output of the working 
cable to the receiver. When the receiver detects a loss of signal, the optical 
receiver 904 commands the switch to switch from the current cable to the other 
cable. In this embodiment, the signal is broadcast on both the first cable 920 and 
the second cable 930. This alternative embodiment is conventional Iv referred to 
as a 1^1 scheme. 

In an alternative embodiment, the 1 x 2 element 910 at the transmit end is 
implemented with a switch, and the element 940 in each home is implemented 
with a coupler (i.e.. a reversed splitter). When one cable is cut. the optical 
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iransmiltcr 902 is notified, and the optical transmitter 902 enipUns the switch to 
switch the signal to the un-cut cable. In this embodiment, the signal is broadcast 
on one cable at a time. Network le\el intelligence and a signaling mechanism are 
required to determine which cable to utilize for a broadcast. This alternative 
5 embodiment is con\ entionalh referred to as a 1 :1 scheme ("one-lbr-one" scheme). 

Since the all-optical broadcast network of the present inxention requires 
fewer or no acti\'e equipment in the field, the reliability of such a broadcast 
network is greater than prior ail coax networks and h\'brid (HFC) networks. 
I'urthermore, by reducing the number of active equipment needed in the field, the 
10 costs to maintain the broadcast network of the present in\ ention is less than prior 
art networks. The receivers utilized in the all-oplical broadcast network of the 
present in\ention ha\'e a simpler design than the receivers utilized in the prior art 
networks. 



15 reference to specific embodiments thereof It will. howe\er. be c\ident that 
various modillcations and changes may be made thereto without departing from 
the broader scope ol' the inxention. 7he specification and drawings are. 
accordingly, to be regarded in an illustrative rather than a restrictive sense. 



hi the foregoing specification, the inxention has been described with 



